The Large Hadron Collider (LHC) at CERN has allowed the ATLAS and CMS experiments to collect a large amount of proton-proton collision data at 7 TeV and 8 TeV centre-of-mass energies. This dataset was used to discover a Higgs boson with Standard Model-like properties at a mass of about 125 GeV. In parallel, an impressive number of searches for deviations from the Standard Model expectations have been carried out in various physics areas (BSM Higgs, Supersymmetry and Exotics). Representative searches in all of these domains will be presented and their impact on theoretical models beyond the SM assessed. To date, there is no evidence in the LHC data of a signal for New Physics beyond the SM. However, a few legacy 2-3 σ deviations remain from both experiments. After an 18-month shutdown, the LHC is about to deliver collision data at an increased centre-of-mass energy of 13 TeV. The large increase in collision energy will provide much improved sensitivity for various searches, in particular for high mass particles.
Introduction
The Large Hadron Collider (LHC) (Evans and Bryant 2008) is a 27 km proton accelerator and colliding ring located at CERN in Geneva. Between 2010 and 2012, it delivered ∼5 fb −1 and ∼20 fb −1 of collision data at centre-of-mass energies of 7 TeV and 8 TeV, which is referred to as the "Run 1" dataset. ATLAS (ATLAS Collaboration 2008) and CMS (CMS Collaboration 2008) are general-purpose experiments located around the LHC.
The physics objects reconstructed in particle physics analyses are: electrons, photons, muons, jets and missing transverse energy (MET). Electrons are detected using information coming from a tracking system sensitive to charged particles as well as energy deposited in an electromagnetic (EM) calorimeter. Photons are reconstructed using energy depositions in the EM calorimeter, which are not associated to tracks. Muons are mainly detected using dedicated spectrometers located at the outside of the ATLAS/CMS detectors. Jets are formed from energy deposits of hadrons in the EM and hadronic calorimeters in a given area. Missing transverse energy represents the imbalance in energy in the transverse plane derived from the reconstructed objects of the event. It is an important quantity for dark matter searches at the LHC, since any observed excess, above SM expectations, of events with large MET indicate the possible presence of dark matter candidates, which cannot be directly detected by the ATLAS/CMS detectors.
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The Run 1 dataset was used to discover a Standard Model (SM) Higgs boson at a mass of about 125 GeV (ATLAS Collaboration & CMS Collaboration 2015). In parallel, an impressive number of searches for deviations from SM expectations, referred to as "Beyond the Standard Model" (BSM) searches, have been carried out in various physics areas, including BSM Higgs, Supersymmetry (SUSY) and Exotics.
BSM searches with LHC Run 1 data
In this section, representative searches in BSM Higgs, SUSY and Exotic physics will be presented and their impact on theoretical models assessed.
BSM Higgs searches
In the Higgs sector, searches for BSM physics focused on two goals: finding decays of the Higgs boson unpredicted by the SM, or finding new Higgs bosons. One important search for new decays that is related to dark matter is the search for the Higgs boson decaying invisibly in events containing two jets with a topology as expected from vector boson fusion (VBF) production, H → χ 0χ0 , where χ 0 is a dark matter candidate, thus not charged and weakly interacting. Figure 1 shows the MET distribution, no significant excess over SM expectations is observed (ATLAS Collaboration 2015d). A similar search was performed by the CMS Collaboration (2015d). For a Higgs boson with a mass of 125 GeV and assuming the SM production cross-section, an upper bound at 0.29 (0.35 expected) is set on the branching fraction of the H → χ 0χ0 decay at 95% confidence level. Assuming the SM rate for ZH production, an upper limit of 0.75 is set on the branching ratio to invisible-particle decay modes of the Higgs boson at a mass of 125.5 GeV (ATLAS Collaboration 2014b). Combining the VBF and ZH results, an upper bound at 0.58 is set (0.44 expected) (CMS Collaboration 2014d). The latter two analyses are also used to set limits on the "Higgs portal" models, which are models where the Higgs boson acts as a mediator between a new physics sector (also called "hidden" sector) and the SM particles. These results are presented in Section 2.3. The presence of other Higgs bosons is predicted by the "two Higgs Doublet Model" (2HDM), which appears in various BSM theories such as SUSY or axion models. The 2HDM model could also possibly explain the baryon asymmetry of the Universe (Huber 2006) . It predicts the existence of two neutral CP-even Higgs bosons h and H, one of which is the observed Higgs boson, a CP-odd Higgs A and two charged Higgs bosons H ± . Figure 2 shows the two-jet invariant mass distribution in the search for a charged Higgs decay H + → cs signal (CMS Collaboration 2014c). A similar analysis was performed by the ATLAS Collaboration (2013) . No significant excess in data compared to the SM expectation is observed. A complementary search for a charged Higgs decaying into a τ ± lepton and a ν has also been performed and no excess was found either (ATLAS Collaboration 2015e, CMS Collaboration 2012). 
SUSY searches
SUSY is considered one of the most attractive BSM theories. It provides an elegant solution to the hierarchy problem and a candidate for dark matter. It also suggests the high-energy unification of the weak, strong and electromagnetic couplings. In SUSY, for each SM particle, a superpartner of different spin (boson↔fermion) is predicted. The super-partners of the Z, W and Higgs bosons, called zino, wino and higgsino, combine linearly to give rise to six "electroweakinos", four neutral ones χ 0 1,2,3,4 (neutralinos) and two charged ones χ ± 1,2 (charginos).
A "natural SUSY" scenario was favoured because it involves limited fine-tuning of the theory (Barbieri & Giudice 1988) . Gluinos (super-partners of the gluons) and the third-generation squarks are constrained to be quite light, because of the corrections they bring to the Higgs boson mass, known to be at ∼125 GeV. In addition, a light stop (super-partner of the top quark) can solve the hierarchy problem. Naturally, the strategy for the Run 1 SUSY searches was to look with high priority for stronglyproduced gluinos and third-generation squarks, since these particles are expected to be produced copiously at the LHC. Exclusion contours for searches for gluino pair production with the gluinos decaying via the 3-body decay top anti-top neutralino are shown in Figure 3 (CMS Collaboration 2014b). The best lower limit on gluino mass is ∼1300 GeV for a massless lightest SUSY particle (LSP). The lower limit on the stop mass is ∼750 GeV for a massless LSP assuming a simplified model with pair production of stops decaying 100% to top+LSP (CMS Collaboration 2014b).
In the absence of strongly-produced SUSY particles, two alternatives became more popular: electroweak (EWK) production and "Split SUSY" (Arkani-Hamed et al. 2005 ). The electroweak pair production of charginos and neutrali- In the Split SUSY scenario, only fermions (gluinos and electroweakinos) are within LHC reach due to their moderate masses. The scalar sparticle masses can be arbitrarily high (including the stop mass), hence some level of fine tuning is accepted in the theory. In this scenario, stongly-interacting gluinos can have a long lifetime which depends on the squark mass. For example, they could give rise to experimental signatures with secondary vertices that are not located close to the primary vertex. Various searches were performed, which are nicely complementary to each other, spanning gluino cτ values from ∼ 10 −3 m to ∼ 10 4 m (ATLAS Collaboration 2015a). The strongest lower limit to date on the gluino mass comes from an analysis with displaced secondary vertices, at ∼ 1550 GeV assuming a ∼ 0.2 ns lifetime.
Exotic physics searches
Apart from SUSY, many other BSM models have been extensively tested during Run 1 of the LHC, like the Randall-Sundrum (RS) model (Randall & Sundrum 1999) , compositeness or large extra dimensions. As similar experimental signatures can be expected from various BSM models, like long-lived particles or new heavy gauge bosons (W , Z ), the exotic physics searches are based on experimental signatures, then interpreted in the various models. Most of the signatures involve the presence of a new resonance in the mass distributions of di-jets, di-leptons or di-bosons, hence these mass spectra are extensively studied.
For direct Dark Matter (DM) searches, the strategy to trigger on DM candidate events makes use of initial-state radiation (ISR) activity, by requiring the presence of an ISR jet or a γ. A pair of WIMP dark matter candidates is created via a mediator. To allow for a direct comparison between the LHC results and the ones coming from other DM searches, the interaction of WIMPs with SM particles can be described as a contact interaction using an Effective Field Theory (EFT) approach (Goodman et al. 2010) . The DM particle is assumed to be either a Dirac fermion or a scalar χ.
In Figure 5 (CMS Collaboration 2014e), the 90% CL limits on the spin-independent WIMP-nucleon scattering cross section are shown as a function of the DM mass M χ for different scalar and vector operators describing the WIMP-SM particle interactions.The best limits at high WIMP masses come from the LUX and XENON100 experiments. The LHC results allow to access low-mass WIMP scenarios, which are nicely complementary to the results coming from the other DM detection experiments. In the spin-dependent scenario, the LHC limits are the best ones as of today over the whole range of WIMP masses (AT-LAS Collaboration 2015b). The ZH → +invisible analysis allows to set limits on the Higgs portal models, which are shown in Figure 6 (ATLAS Collaboration 2014b). WIMPs of different nature are considered (scalar, vector or fermion). The direct spin-independent detection results come from searches for nuclei recoils from elastic scattering of WIMPs. For vector WIMPs, the LHC limits are the best for WIMP masses below half the Higgs boson mass. Limits on the Higgs portal models using the combination of www.an-journal.org VBF and ZH channels are reported by the CMS collaboration (2014d).
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Legacy discrepancies in LHC Run 1 data
To date, there is no evidence in the LHC data of a significant deviation from the SM. However, a few legacy 2-3 σ deviations remain from both experiments. Table 1 summarises the effects reported by both the ATLAS and CMS collaborations with the LHC Run 1 data.
Both ATLAS and CMS see an effect in the di-lepton mass distribution of the SUSY di-lepton+MET analysis (ATLAS Collaboration 2015c, CMS Collaboration 2015e). The effects are not located at the same place: for ATLAS In addition, CMS sees effects in a SUSY search with a 3 +τ final state (CMS Collaboration 2014f) and in a search for heavy neutrinos and right-handed W (CMS Collaboration 2014k). ATLAS sees effects in an exotic analysis with a two same-sign leptons and b-jets final state (ATLAS Collaboration 2015i) and in the dark matter search with an ISR jet (ATLAS Collaboration 2015b).
Prospects
With the Run 2 early data, searches for SUSY will first concentrate on pair production of gluinos given the large increase in production rates expected from the increase in energy. A factor 15 is expected for 2 TeV gluinos, increasing to 50 for 3 TeV gluinos. With 5 fb −1 of data, a 3-σ evidence can be reached for gluino masses below 1500 GeV (ATLAS Collaboration 2015g). In exotic physics searches, efforts will first be concentrated on the searches for dijet resonances. With 1 fb −1 of 14 TeV data, a 5-σ discovery potential could be reached for excited quarks up to 4 TeV, and for quantum black holes up to 7 TeV (ATLAS Collaboration 2015h). The BSM Higgs searches for new Higgs bosons (charged and CP-odd) will also reach better sensitivity with only 5 fb −1 of data.
LHC Run 2 will end in 2018 and be followed by another period of shutdown for maintenance and improvements of the LHC and ATLAS/CMS detectors. The LHC "Run 3" program is planned to collect 300 fb −1 of data at 14 TeV centre-of-mass energy. The BSM Higgs searches will benefit a lot from this increased dataset. After LHC Run 3, a High-Luminosity LHC (HL-LHC) program is planned to start after a further long shutdown and run for ten years to collect a total amount of 3000 fb −1 of data at a centre-of-mass energy of 14 TeV. Using this dataset, the limits on the WIMP-neucleon cross section are predicted to be one order of magnitude stronger compared to Figure 6 for low WIMP masses (ATLAS Collaboration 2014c).
Conclusions
New physics signals were searched for in many final states during Run 1. Although the observed Higgs boson seems to be the one predicted by the SM, there is still room for discovering new decays, to invisible particles for example. Also, possibly new Higgs bosons could be discovered with Run 2 data. With Run 1, natural SUSY has been significantly constrained and Split SUSY has now gained more attention for Run 2. A few 2-3σ effects in BSM searches have been reported by both ATLAS and CMS. The Run 2 pp collisions at a centre-of-mass energy of 13 TeV have just started. The large increase in collision energy will provide much improved sensitivity in various searches, in particular for high mass particles.
